The recycling of polymeric materials has been highly discussed due to economic and environmental factors. It is well known that, polypropylene can be used for many applications and, depending on the final characteristics that are necessary, they use different additives. So, this study aims to evaluate the mechanical properties of compositions containing recyclable polypropylene from different sources and with different composition and define the best composition using the maximum percentage of polypropylene with lower mechanical properties, which is a material considered difficult to incorporate in the process due to the high percentage of gas and impurities and the one with lowest cost. For the evaluation of mechanical properties, tensile and flexion tests were performed and, also, optical microscopy, which proved to be possible to use this kind of polypropylene in high percentages, since the conditions of mixture are guaranteed.
Introduction
Listening to someone talking about recycled plastic, people instantly associate the idea with low cost products. However, the technological development and the versatility of this material make them able to be used in many different areas.
Brazil produces daily million tons of plastic waste, which could often return to the supply chain or be transformed in new products (Mählmann, 2006) . This waste is usually deposited in open air, which leads to contaminations of soil, air, water and problems for public health. These and the saturation and the difficult on finding areas to create more landfills leads to the necessity of finding new ways to decrease the amount of waste (Matto, 2010) . The large amount of waste produced by society is a growing environmental problem that has to be managed in order to achieve a more sustainable society. One way to reduce waste is to recycle materials (Jansson, Möller, & Gevert, 2003) .
Unlike metals which are easily recoverable and recyclable, plastics waste increase forces governments to legislate for the limitation of such waste by introducing the concept of isofunctional recycling. Polypropylene (PP) and its compounds are the materials that use has mostly increased because of its characteristics of good stiffness, good ductility, acceptable elastic limit and an excellent chemical resistance at a relatively low price (Bahlouli, 2012) .
With recycling is possible to reduce substantially the volume of waste to be disposed or treated, and allows recovery of values of these materials that would, otherwise, be lost. Normally, recycled plastics have a difference of up to 40% on the price of virgin resin and, also, generate 70% of saving in energy (Matto, 2010) .
Products made from recycled polymers are often cheap, of only moderate quality and of very simple design. Since extraction of raw material is the most environmentally affecting part of polymer production, it would be beneficial for the environment if recycled polymeric material to a greater extent could replace virgin material (Jansson, Möller, & Gevert, 2003) . Approaches to plastics recycling mainly include: (a) incinerated plastic behaves as a fuel (energy recycling-quaternary recycling); (a) cracked or depolymerized plastic returns into a petrochemical product or monomer, which will be trans-formed again into plastic (chemical recycling-tertiary recycling); (c) direct recovery without polymer modification (primary and secondary recycling) (Poulakis,1997).
For the recycled material to be accepted in the manufacture of new products there should be no loss in its mechanical properties. So it is very important to evaluate the changes during the recycling process (Mählmann, 2006) .
The mechanical properties include all properties that determine the response of materials to external mechanical influences (Mano, 1991) and are characterized by how the material respond to requests applied, which may be either stress or strain. In polymers, the nature of this response depends on the chemical structure, temperature, processing time and history. The evaluation of mechanical properties can also be in static or dynamic mechanical behavior and the characterization can be reached with the rupture of the material or not (Junior, 2006) .
Despite the existence of a wide range of thermoplastics, only five of them, i.e., polystyrene (PS), polyvinylchloride (PVC), polyethylene (PE), polyethylene terephthalate (PET) and PP, are responsible for the major quantity of recycled polymers. The main applications of polypropylene are in toys, shoes, house-ware components, packaging components for automobile industry, electrical cable insulation, etc. In building materials, polypropylene is used in piping systems for water supply, conduits, wheelbarrows, buckets, etc.
The PP used in recycling is originated from many kinds of products and, depending on the application, the PP has received a quantity of different additives, in order to make it suitable for the application. So, the mixture of some types of PP compounds can lead to materials of poor quality, without the technical specifications necessary to this material return to the production as raw material (Albuquerque, 2001 ).
The PP coming from caps and labels, that represents a large amount of the PP received for the recycling industry, contains a substantial quantity of silicon This kind of PP has a low cost, but is difficult to be incorporated in the processing with other kinds of PP, due to the great quantity of impurities and gas that is released, thus decreasing the mechanical properties of the final product.
This work, in turn, was developed with the aim of studying the viability of incorporating PP from caps and labels in construction products by injection process. It was evaluated the effect of mixture between polypropylene from caps and labels (PP-A), polypropylene from other injected products (PP-B) and polypropylene from thermoformed products (PP-C) on the mechanical properties and, also, determined the composition that ensure the minimum mechanical properties for the manufacture of injected products for the construction industry with the maximum concentration of PP-A.
Experimental Part
The materials used in this study were the recycled polypropylene from caps and labels (PP-A), polypropylene from injected products (PP-B) and the polypropylene from thermoformed products (PP-C). All materials passed through a traditional process of mechanical recycling.
The polypropylene used as standard has concentrations of PP-A, PP-B and PP-C of 17.0%, 70.0% and 12.0%, respectively. All materials were processed isolated in an extruder Oryzon-OZ-E-EX-L22 with L/D (ratio of length to diameter) equal to 17.0 and screw diameter of 22.0 mm. The extruder has four controlled temperature zones and, the temperature used were 165.0 ºC, 170.0 ºC, 175.0 ºC and 180.0 ºC, respectively.
The PP-A was extruded three times due to the large amount of gas released during processing. It is noteworthy that when the material is not subject to the condition of processing the gas is trapped and generates porosity, which affects the mechanical properties of finished products.
The experiments were defined with different percentage of the three kind of PP according a mixture experimental planning, which is shown in Table 1 , and the mechanical tests were performed with five replicates. For the preparation of the samples for tensile and flexion tests it was used an injector HIMACO, model LHS 150-80, with temperature of extruder zones of 165.0 ºC, 175.0 ºC and 185 ºC, respectively, and heating tip of 70.0%. The system used for cooling the mold was water at room temperature, and the samples were confined in the mold for about 10 seconds.
The zones temperature both for extrusion and injection processes were chosen accordingly some tests made previously to improve the homogeneity of the final samples. Although the melting temperature of polypropylene is of about 130.0 ºC, the initial temperature used was 165.0 ºC because it is a recycled material that does not have a pure composition.
For the tensile tests was used the norm ASTM D638 was used with speed of 10.0 mm·min -1 and for the flexion tests a method was used where load of the system is made on three points. The test sample for the flexion is a rectangular cross section bar, which is set on two fixed supports and the loading is done through a third support, placed at an average distance between the fixed supports. The results obtained with the mechanical tests were evaluated using the software Statistica.
For testing the characteristics of the fracture in the samples of polymers, it was used a stereoscope (OLYMPUS, model SZX12) with an increase in 16 times. In the stereoscope, it was coupled a camera (SCION CORPORATION) for image capturing. Table 2 presents the experimental matrix of response to the average results of maximum stress for all the samples from the tensile tests. The results showed that the PP-C has the higher value of maximum stress, 23.98 MPa, followed by the PP-B and PP-A, 20.21 and 17.12 MPa, respectively, which is also shown by the stress vs. strain diagram, Figure 1 . The elasticity modulus is showed in the Table 2 . The PP-C has higher values than the PP-B and PP-A, respectively.
Results and Discussion
Other experiments, also shown in Table 2 , indicate that there is an increase in the maximum stress with the addition of PP-B and PP-C to PP-A and, the addition of PP-C is the one which has the better results, due probably to its good compatibility with PP-A. Although the good results obtained with the addition of PP-B and PP-C to PP-A, it is still necessary to verify if these effects are statistically significant for property of maximum stress.
www.ccsen Table 2 . E This analysis shows that all independent variables (fraction of PP-A, PP-B and PP-C) and the interaction between of the fractions PP-A and PP-C (interaction AC) are positive. The statistical tests (Test t, Test P and Confidence Limit with 95.0%) show that independent variables and interaction AC are significant.
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The significance of the interaction AC can be an indication that the mixing of PP-A and PP-C has good and the compound have a good compatibility. Its good mixing compensates the deficiency in the mechanical strength of PP-A.
The mixture of PP-C, PP-A has modulus of elasticity (3.32 ± 0.45) GPa with similar magnitude of the pure PP-A which is (3.97 ± 0.66). The difference between these modules can not be considered statistically significant and is an indicative that the polymer PP-C molecules decreases the amount of failure of the polymeric matrix PP-A without impairing its mobility. Thus, increases the maximum stress without increasing the modulus of elasticity.
By results of the Table 4 , one can also conclude that the polypropylene which promotes the higher effect in the mixture is PP-C, what is proved for the results of the experiment three (Table 1) where PP-C showed the higher value for maximum stress. Figure 2 shows the results of the maximum stress for the significant variables and the PP standard, which confirms the results obtained with the statistical analysis. The maximum stress of the PP standard is higher than the PP-A, although it is lower than the other significant variables, which indicates that it is possible to combine the maximum stress of the three kind of PP in order to increase the percentage of PP-A used. (Table 2) it is possible to conclude that, all concentrations situated above the yellow band can be considered. So, it is possible the use of up to about 75.0%, what is a great advance when compared to the 17.0% that is used in the PP standard. Table 5 shows the matrix of response for flexural strength and strain. The PP-B and PP-C have the maximum strain, 40.04 and 28.82 mm, respectively, which is an indicative of the good homogeneity of these materials, which are considered noble materials in the recycling industries. The comparison with the PP standard shows that only PP-C has flexion characteristics suitable for pure application, i.e., flexural strength and strain higher than the PP standard. The Figure 4 shows the diagram of flexural strength vs. strain for the three kind of pure PP, what confirms the media results of Table 5 . The analysis shows too that all independent variables are significant and with a positive effects, indicating that the increase in the percentage of any of the components cause an increase in the flexural strength. The positive effect indicates that the addition of PP-B and PP-C offsets the low flexural strength of PP-A. This effect is higher for PP-C, what is in agreement with the results obtained in Table 4 and to the fact that PP-C is considered, in the recycling industries, a noble material, with good mechanical properties.
With the results obtained by the statistical analysis of the estimated effects it is possible to obtain the equation for flexural strength as a function of the significant variables, shown in Equation (2). This equation shows that the PP-C is the component which most influence in the maximum stress of the total composition, due to the higher coefficient presented.
Flexural Strength = (5.48A + 5.31B + 6.94C) (±0.24)
The Figure 5 shows the dependence of flexural strength with the percentage of all polypropylene testes. The results indicate the possibility of flexion forces between 6.8 kgf and 5.4 kgf. As the flexural strength for the PP standard is about 5.63 kgf (Table 5) it is possible to conclude that, all concentrations situated above the light green band can be considered. So, it is possible the use of up to about 75.0% of PP-A. Tables 8 and 9 show the ANOVA and estimated effects for the response of strain. It was used the cubic model for the statistical treatment, which provide a R² of 0.9245, indicating a good fit by the cubic model. Although ANOVA shows that the model is not significant, the high value of R² and low total error (about 7.5%) it is possible to conclude that it is not relevant. The results of the estimated effect showed that all kinds of polypropylene are significant and with a positive effect. As well as for the other properties that were already discussed before, the positive effect indicates that the addition of PP-B and PP-C offsets the low strain of PP-A. In this case the higher effects if obtained for PP-B, what is in agreement with the results obtained in Table 5 , in which PP-B had the higher value for strain response. As the flexural strain for the PP standard is about 26.78 mm (Table 5) it is possible to conclude that, concentrations situated in the light green, yellow and red bands can be considered. So, it is possible the use a great range of compositions. The maximum percentage of PP-A is of about 70.0%. 
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